I. INTRODUCTION
The LHCb detector is configured as a single forward-arm spectrometer with open geometry, optimized for detecting the large sample of B-hadrons which will be produced at the LHC. Particle identification using the RICH detectors is an essential component of LHCb [1] . For example, when selecting the B s --* D~K~decay mode, separating pions and kaons using the RICH system suppresses the combinatorial backgrounds from B s --* D~rr~channel from a factor of 10 down to around 10%.
II. DESIGN FEATURES OF THE RICH
The details of the design of LHCb-RICH can be found in [1] and the references therein. The RICH 1 detector is located upstream of the LHCb dipole magnet in order to accept most of the low momentum particles. It contains a silica aerogel radiator to cover the momentum range up to 10 GeV/c and a C4F lO gas radiator to cover up to 65
GeV/c. The RICH2 detector is located downstream of the magnet and it contains a CF4 gas radiator to cover the momentum range up to about 100 GeV/c.
III. THE PHOTODETECTORS
In order to measure the spatial positions of detected Cherenkov photons, the two RICH detectors use Hybrid Photon Detectors (HPDs) which have been developed in collaboration with industryl. Each HPD uses an S20 multi-alkali photocathode deposited on the inside surface of a quartz window which seals the HPD vacuum tube. The HPD can detect photons over an active input diameter of about 75 mm. The 484 HPDs installed in the RICH system cover a total detection area of 2.6 m 2 with an active-to-total area ratio of approximately 65%. Inside each HPD, the photoelectrons are accelerated through a 20 kV high-voltage and are cross-focused onto an anode comprising a silicon pixel detector. The pixels are bump-bonded to a custom-built readout chip, which amplifies and digitizes the signals at the LHC bunch-crossing frequency of 40 MHz. This results in an efficient low-noise detector sensitive to photons in the wavelength range 200-600 nm. The effective pixel granularity is 2.5 x 2.5 mm 2 at the photocathode surface.
Some of the key results from the production characterization tests performed on each tube are listed below.
• The average peak Quantum efficiency is greater than 30% at 270 nm, which is well above the design specification of 23%.
• The vacuum quality of each tube is determined by the rate of ion feed back, which was measured to be well below the design specification of 1% level for most of the HPDs.
• The dark count rate is below the' design specification of 5 kHz/cm 2 .
IV. THE RI CH 1 DETECTOR
The Cherenkov photons generated by a charged track are reflected by spherical and flat mirrors onto the HPD planes. The spherical mirrors are titled to ensure the photodetectors can be situated outside 
V. THE RICH2 DETECTOR
The optical configuration of RICH2 is similar to that of RICH I, but here the mirrors are tilted with respect to the vertical axis to reflect Cherenkov photons onto HPD planes at the sides of the detector. The spherical mirror system consists of 42 hexagons and 14 half hexagons, each having a diagonal size of 510 mm. Each of two flat mirror planes has 20 rectangular segments of size 410 mm x 380 mm. All RICH2 mirrors are made of borosilicate glass and have a reflective coating described in [5] .
VI. PERFORMANCE FROM SIMULATIONS
The two detectors are simulated in detail using GEANT4[6] and the resolutions and photons yields for saturated tracks are estimated. Using these simulated data, a log likelihood method is employed to assign the most probable particle hypothesis. This has resulted in the efficiency of identifying a kaon as a heavy particle (ie. a kaon or proton) to be above 96 % and the probability of misidentifying a pion as a heavy particle to be below 5 % for most of the momentum range of interest in LHCb. This is shown in Figure 1 VII. RICH COMMISSIONING Both RICH detectors have been commissioned in the LHCb experiment with the final data acquisition, monitoring and safety systems. All parts of the RICH system are fully installed and integrated into the LHCb online system. During the commissioning, photons from a laser diode were sent to the HPD array to perform the time alignment of the system. Both RICH detectors have independent systems to measure the distortion of the ring-images in the HPDs from the residual magnetic field from the LHCb dipole. This is essential in reconstructing the photon hits on the HPD entrance window from the hits registered at the silicon anode.
In order to calibrate the particle identification response, LHCb will collect a large data sample in the channel D*+ --* DOrr+ where DO --* K-rr+. Using the narrow mass difference between the D* and DO, the pions and kaons can be identified in this decay chain independent of the RICH and this can be used to calibrate the particle identification performance of the RICH system. Studies have been performed using simulated data to prove the feasibility of this method. Momentum I GeVJc Fig. 1 . PID performance from simulations as function of momentum. The red points in the top half are the identification efficiencies of kaon as a heavy particle. The blue points in the bottom half are the misidentification probabilities of pion as a heavy particle.
